A total of 480 day-old Cobb 500 broilers were used to investigate the effects of different levels of digestible amino acids (DAA; 100%, 107% and 114% of Cobb recommendations) and ME (3,000 or 2,900 kcal/kg) of prestarter diet on mixed sex broilers performance, enzyme activity, small intestine morphology, and serum metabolites. Broilers were randomly allotted to 6 treatments, where each treatment applied to 4 pens with 20 birds in each. The birds were subjected to their respective treatment diets from 1 to 10 days of age. This was followed by feeding common starter and finisher diets for the last 29 days. The enzyme activity of the pancreas was measured at 10 days of age. Morphometric indexes of jejunum were measured at 10 days of age and the end of the feeding period. Our results showed that the body weight (BW) increased as the DAA density of the prestarter diet increased from 100% to 114% over the first 10 days and the entire period of the study. Birds fed 114% DAA presented a better feed conversion ratio on day 10 (P < 0.05). At day 39, carcass weight and breast yield increased as the DAA levels increased from 100% to 114% (P < 0.05). The whole intestine length, small intestine length, and weights of the pancreas were lower in birds fed 100% DAA-diets at 10 days of age (P < 0.05). Increasing the dietary DAA and ME did not affect serum amylase, lipase, and protease concentrations and pancreatic amylase and lipase activity (P > 0.05); however, the activity of pancreatic protease increased as the DAA level increased from 100% to 114% (P < 0.05). The villus width and villus surface area (VSA) increased as the DAA level increased from 100% to 114% on day 10 (P < 0.05). At 10 days of age, crypt depth was the lowest in the birds fed plenty DAA prestarter diets (P < 0.05). It was found that dietary treatments at 39 days of age did not affect intestinal morphology. The results of the present work indicate that DAA level of 114% of Cobb recommendations and energy level of 2,900 kcal/kg diet may be recommended for starting broiler chicks.
Introduction
The early life nutrition of broilers plays a crucial role in their productivity because of their muscle cell proliferation and development of digestive tract during this period (Vieira and Moran, 1999) . The transition from late embryogenesis to the early posthatch period is characterized by major morphological and physiological changes allowing the bird to immediately consume nutrients after hatching (Willemsen et al., 2010) . This transition is fundamental as the bird shifts from metabolism based on the lipid-rich yolk to a solid carbohydrate and protein based diet at hatch. Diet is an important characteristic of poultry production, and different poultry species or lines have different requirements depending on genetic, age, environment, and the health status of the poultry. In the recent years, interest in early nutrition research has increased regarding the strong positive correlation exists between early live weight and body weight (BW) at the end of the production cycle (Tona et al., 2004; Willemsen et al., 2008) . In this connection, an increase in the average early weight will minimize the number of small birds that, for any reason, do not eat. As a result, the overall lifetime performance of the chickens would be seriously affected by posthatch nutrition (Geyra et al., 2001b) . The ratio of macronutrients has a major influence on posthatch performance and body composition of broiler chickens (Collin et al., 2003; Swennen et al., 2007) and under-and over-formulation of macronutrients will decrease this performance (Kidd et al., 2004) . Therefore, the composition of prestarter diet (the content of crude protein, amino acids, energy, macro, and microelements) can influence the subsequent growth and development of broiler chickens. In general, diets with high ME or high energy: protein ratio induces energy deposition as fat. Increasing the CP content of the diet beyond requirements will result in leaner birds but with poorer efficiency, as the elimination of excess nitrogen is an energy consuming process (Swennen et al., 2007) . Amino acid balance and the ideal protein concept (Emmert and Baker, 1997) can also affect broiler response to dietary energy. Amino acids in excess of that required for protein synthesis and other aspects of body metabolism are catabolized; which, as a result, incurs an energy cost and metabolic stress (Sklan and Plavnik, 2002) . Wang et al. (2015) reported that high nutrient density diets (high amino acid and AME) might improve broiler performance without affecting their intestinal structure during 8 to 21 days. In another study performed by Ullah et al. (2012) , the performance of chicks in 35 days of age was significantly higher in broilers fed 2,850 ME and 1.4% total lysine during the first 10 days posthatch than other treatments. Although the advantages of broiler performance of feeding increased amino acid densities have been well documented, a limited number of works has been reported on the effects of manipulation of nutrient densities in prestarter diets on the enzyme activity and intestinal morphology.
Thus, the aim of the present study is to find the appropriate levels of ME and digestible amino acids (DAA) in prestarter phase to the optimum production at the lowest cost and determine whether providing dietary DAA higher and ME lower than Cobb recommendations affects the performance, enzymes activity, intestinal morphology, and serum indices of broilers.
Material and methods

Experimental design
In this study, 480 day-old Cobb 500 broilers (mixed sex) were housed in cage pens (Battery) according to a completely randomized design in factorial arrangement, consisting of 2 levels of ME (2,900 and 3,000 kcal/kg) and 3 levels of DAA (100%, 107%, and 114% of Cobb recommendations) during 1 to 10 days of age. A fixed proportion of DAA relative to CP were maintained in graded increments of CP from 21.4% to 24.6%. Water and feed were offered adlibitum. Birds were fed one of 6 experimental diets from 1 to 10 days of age, the same starter diet from 11 to 21 days of age, and same finisher diet from 22 to 39 days of age. During the prestarter phase, broilers were divided into 6 treatments as follows: 1) 3,000 kcal/kg ME and 100% of DAA and CP (normal) of Cobb recommendations; 2) 3,000 kcal/kg ME and 107% of DAA and CP (high) of Cobb recommendations; 3) 3,000 kcal/kg ME and 114% of DAA and CP (plenty) of Cobb recommendations; 4) 2,900 kcal/kg ME and 100% of DAA and CP (normal) of Cobb recommendations; 5) 2,900 kcal/kg ME and 107% of DAA and CP (high) of Cobb recommendations; 6) 2,900 kcal/kg ME and 114% of DAA and CP (plenty) of Cobb recommendations. Before formulation of the experimental diets, ingredients were analyzed for nutrient concentration by NIRS DS 2500 FOSS. The analytical values obtained from these values are shown in Table 1. The formula and chemical composition of the  dietary treatments are shown in Table 2 .
Productive performance and serum indices
Body weight and feed consumption were obtained weekly followed by calculating body weight gain (BWG), daily feed intake (FI), and feed conversion ratio (FCR) using these data. On day 10, one chicken from each replicate of each treatment with BW close to the mean replicate was selected and then sacrificed by neck dislocation and collected blood samples. The blood samples were transferred into tubes and centrifuged at 3,521 Â g at 4 C for 4 min using HETTICH EBA 280S. The sera were removed and stored at À20 C for further analysis. Immediately after slaughter, the pancreas was removed, weighed, and stored in liquid nitrogen for subsequent analyses. The length of intestine and small intestine was individually measured. Serum protease was determined using BS 3000P spectrophotometer and Nabenzoyl-D,L-arginine p-nitroanilide (BAPNA) according to the procedure described by Mikhailova et al. (2014) . Moreover, lipase and amylase in serum were determined with commercial kits (Human company, Germany), using the Chem Well 2900 analyzer (Awareness Technology, Inc., USA). Pancreatic protease activity was measured calorimetrically based on casein hydrolysis method as described by Batoev (1971) , amylase activity was determined based on starch hydrolysis by modified Smith-Roy's method (Merina-Gluzkina, 1965) . Pancreatic lipase was analyzed with commercial kits (Diakon company, Russia) using semiautomatic spectrophotometer BS 3000P.
On day 39, 4 birds per treatment (had BW close to the mean replicate) were selected for carcass traits evaluation. Birds were weighed, sacrificed by neck dislocation, bled, plucked, and eviscerated. Carcass yield was calculated as hot eviscerated carcass weight (without feet, head, and abdominal fat) relative to live body weight. Prime cuts yield included whole breast yield (with skin and bones), legs yield (thighs and drumsticks with bones and skin), and abdominal fat (fat located around the cloaca, cloacal bursa, gizzard, proventriculus, and adjacent abdominal muscles).
Tissue sampling and analysis of histological samples
At days 10 and 39, 4 birds per treatment were sacrificed by neck dislocation and their jejunum (midpoint from the pancreatic duct to Meckel's diverticulum) was excised. The jejunum was of particular interest because it is a major site of nutrient absorption in poultry (Horn et al., 2009 ) and intestinal mass. In a study, it was observed that villus height and area increased several folds in the jejunum and duodenum and less in the ileum to 10 days of age (Uni et al., 1999) . Tissue samples (5 cm) were removed and flushed with 0.9% NaCl and then fixed in 10% neutral buffered formalin solution for morphometric analysis. The tissues were processed by dehydration through a series of graded alcohols, cleared with xylene.
Paraffin-embedded tissue sections (5 mm) were prepared using an HM-325 universal automated microtome (Microm international GmbH, Germany). Slides were stained by the HematoxylineEosin method, as described by Uni et al. (1995) . Micrographs were taken with a Jenamed-2 light microscope (Carl Zeiss, Jena, Germany) using Image Scope C (Systems for Microscopy and Analysis LLC, Russia) to calculate the morphometric variables. Morphometric parameters, including villus height from the tip of the villus to the crypt, midpoint villus width, crypt depth from the base of the villi to the base of the crypt, and V/C ratio (calculated by dividing villus height by crypt depth) were recorded in the next step. Villus surface area was calculated as follows (Sakamoto et al., 2000) :
Villus surface ¼ 2p Â ðVW=2Þ Â VH where p ¼ 3.14, VW ¼ villus width, and VH ¼ villus height.
Statistical analysis
Data were analyzed in a 2 Â 3 factorial arrangement of dietary treatments using analysis of variance and General Linear Model (GLM) procedure of SAS (SAS/STAT Version 9.2, SAS Institute Inc., Cary, NC) to determine the main effects of dietary ME, DAA and their interactions. If a significant effect was detected, the differences between treatments were separated using Duncan's multiple range test. Differences between mean values were considered significant at P 0.05. Also, all percentage data were subjected to angular transformation to stabilize variances (arcsine square root percentage transformation) before statistical analysis.
Results
Performance parameters and carcass characteristics
Results showed that there was no significant effect of ME content of prestarter diet on productive performance parameters (Table 3 ). The BW increased as the DAA density of the prestarter diet increased from 100% to 114%, over the first 10 days (P < 0.0001) and the entire period of the study (P < 0.01). Interaction of DAA and ME was not significant for the body weight, feed consumption, and feed conversion ratio of the birds during the first 10 days of age and across the 39 days study (P > 0.05). When assessed for 39 days, birds fed plenty DAA prestarter diets exhibited the highest body weight, regardless of diet ME content. Feed consumption was not influenced by dietary treatments. Increasing DAA density of prestarter diet improved feed conversion ratio only in the prestarter period (P < 0.0001).
As shown in Table 4 , carcass weight, breast muscle weight, and legs weight were significantly increased as the DAA density of the prestarter diet increased from 100% to 114% (P < 0.003). There was not observed a significant effect of ME or interactions between ME and DAA density of prestarter diets on carcass traits (P > 0.05). The main effects of ME, DAA, and their interactions were not significant for the relative weight of carcass, legs, wings and abdominal fat (P > 0.05).
Enzymes activity and serum metabolites
The results of the dietary treatments on the serum metabolites, pancreas weight, and enzymes activity are shown in Table 5 . No significant difference (P > 0.05) existed among treatments as regard to serum amylase, lipase, and protease levels. Concerning pancreas weight, it was noticed a significant increase (P < 0.01) in plenty DAA group (1.16 g) compared to normal and high DAA groups (0.97 and 1.02 g). In addition, no significant effect was observed for ME or the interactions between dietary ME and DAA content on the enzymes activities, serum metabolites, and pancreas weight. Increasing dietary DAA from 100% to 114% significantly increased (P < 0.04) pancreatic protease from 139.50 to 159.63 mg/g per min. Besides, pancreatic amylase (mg/g per min) and lipase (U/L) were not influenced by dietary treatments (P > 0.05).
Intestinal morphology
As shown in Table 6 , the length of intestine was affected by DAA level of prestarter diets. As compared to normal prestarter diets, the plenty inclusion of DAA increased the total intestine length and small intestine length by 6.63 and 6.25 cm, respectively (P < 0.05). The main effect of ME and interaction between DAA and ME was not significant for the whole intestinal length and small intestinal length (P > 0.05). Our results showed that villus width and VSA at 10 days of age increased as the DAA level of the prestarter diet increased from 100% to 114% (P < 0.05). At 10 days of age, VSA was increased from 121.01 to 146.56 and 138.73 mm 2 as the DAA level increased from 100% to 107% and 114%, respectively. At 10 days of age, crypt depth was the lowest in birds fed plenty DAA diets (P < 0.09). Morphological examination showed that dietary ME, DAA, and their interactions did not affect jejunum villus height, width, VSA, V/C ratio at 39 days of age.
Discussion
Although we observed that final performance of broiler is influenced by DAA and protein concentration of prestarter diet, no effect of ME levels of the prestarter diet on performance parameters at 10 days of age and across the 39-day study was observed. This observation may in part be due to the fact that decreasing the dietary ME level of prestarter by 100 kcal/kg may not be enough reduction to see differences in growth performance. A previous study (Vieira et al., 2006) in broilers showed that the effect of the level of energy (from 2,870 to 3,100 kcal/kg) in prestarter period was not significant on the BWG of broilers at 7 and 42 days of age whereas 3,000 kcal/kg energy diet improved feed conversion ratio at 7 days of age and 3,100 kcal/kg energy diet significantly decreased feed consumption.
The BWG responses due to increased dietary DAA levels in the prestarter phase reported herein agreed well with findings of Noy and Sklan (2002), and Bahreiny et al. (2013) . Noy and Sklan (2002) showed that feed conversion ratio did not change significantly with energy level (from 3,050 to 3,110 kcal/kg) of the diet but decreased with increasing protein level (from 18% to 28%) during the 7 days posthatch. Previous studies showed that increasing essential amino acids in a constant ratio to CP enhanced performance during the 7 days posthatch (Sklan and Noy, 2003) . Hargis and Creger (1980) reported that adequate protein availability in the prestarter period seems to be essential to increase muscle development in later phases. The strong effect of DAA and protein on performance of broilers at 10 days of age in the current study can be explained by the high protein and amino acids requirements of newly hatched chicks to meet the needs for rapid growth and the effects of additional supplementation of DAA and protein on the better development of the gastrointestinal tract posthatch. It is well documented that BW enhances fourfold to fivefold during the first 10 days of age, during which considerable changes in gut weight and morphology are observed. The rapid growth of the intestine reaches a maximum between 6 and 10 days and declines thereafter (Sklan, 2001) . Uni et al. (1996) reported that in broiler chicks the height and perimeter of villi in all segments of the small intestine increased by 34% to 100% between 4 and 10 days after hatching. The crypt depth and the number of enterocytes per longitudinal section of villi also increased with age. As shown in Table 6 , plenty DAA and protein concentration of prestarter diets increased the intestinal length and VSA and decreased crypt depth. It is assumed that an increased villus height is paralleled by an increased digestive and absorptive function of the intestine due to increased absorptive surface area, expression of brushborder enzymes, and nutrient transport systems (Amat et al., 1996) . Consequently, these changes might result in improvements in broiler performance. In addition, the higher growth rate of chickens on a plenty DAA and protein diets is most likely the consequence of their increased cumulative DAA and protein consumption. The lack of any consistent interaction between dietary concentration of ME and DAA on BWG, FI, and FCR in the current experiment suggests that the response in performance parameters to increasing concentrations of DAA and CP from 21.4% to 24.6% CP in prestarter period was independent of the dietary ME level over the range from 2,900 to 3,000 kcal/kg. A previous study found a positive correlation between BW of 7 to 10 days of age and final BW on 42 days of age (Vieira and Moran, 1999; Tona et al., 2004; Saki, 2005; Hooshmand, 2006 reported that nutritional deficiency during early posthatch development induced a permanent negative effect on BW at slaughter in broilers.
As shown in Table 4 , different levels of DAA in the prestarter period have a significant effect on carcass traits. Total carcass, breast, and legs weight were significantly higher in birds fed the plenty DAA prestarter diets, regardless of diet ME content. Zaboli and Miri (2013) showed that prestarter diets with increased Lys densities resulted in increased breast meat and thigh yield. However, treatments' effect on carcass yield was not significant. The relative weight of carcass, legs, wings, and abdominal fat were not affected by dietary treatments. Thus, the improvement in carcass, breast muscle, and legs weight at the end of experiment could be due to the higher BW of birds fed plenty DAA and protein diets. However, Halevy et al. (2003) emphasized the effect of posthatch feeding on the dynamics of satellite cells during the prestarter phase, which leads to changes in the yield of meat cuts and in the composition of tissues of broilers at slaughter.
Digestion and absorption of nutrients early in life depend primarily on pancreatic enzyme activity (Nitsan et al., 1991) . As shown in Table 5 , plenty DAA and protein concentration of prestarter diets significantly increased protease activity. This finding was in agreement with Stringhini et al. (2009) wherein the authors studied the effect of protein and amino acid supplementation levels for broilers in the prestarter ration. The conclusion of the authors was that birds fed 20% CP and non-supplemented with amino acids showed higher amylase activities and lower trypsin activities than 22% CP supplemented with amino acids. Zhao et al. (2007) reported that the activities of amylase and protease in the jejunal fluid of ducks are mainly dependent on dietary protein content but not ME content. Dietary protein induces pancreatic proteases via secretion of cholecystokinin, which is a potent pancreatic protease inducer (Green et al., 1992) . Moreover, dietary amino acids induce pancreatic protease activity by promoting translation, and transient activation of translation initiation via mammalian target of rapamycin (mTOR) pathway may be associated with this induction (Hashimoto and Hara, 2003) . In our experiment, pancreatic lipase was not affected by different ME level. Differences in the effects of ME density on lipase activity observed by other authors (Maiorka et al., 2004) may have been caused by differences in the range of dietary ME used in the respective experiments.
In agreement with our findings, Swatson et al. (2002) and Abbasi et al. (2014) observed significantly heavier pancreas in broilers fed increased levels protein diet. Maiorka et al. (2004) reported that increasing the energy level of prestarter diet did not affect pancreas relative weight. The increase in the pancreas weight in chicks fed plenty DAA and protein diets might be attributed to their higher BW. Our statistical analysis showed a significant positive correlation between BW and weight of pancreas.
In accordance with the present study, Maiorka et al. (2004) stated that dietary energy level (2,900 and 3,200 kcal/kg) had not significant effects on intestine length at 7 days posthatch. A previous study in broilers showed that the increased intestinal length of broilers fed the higher level of dietary Lys might be due to increased nutrient absorption (Jackson and Diamond, 1996) . The higher dietary levels of DAA and protein lead to increased nutrients in the small intestine. Such an increase can result in an enhanced protein synthesis in the small intestine and promote the full growth of small intestine, and subsequently, increased small intestinal length. The increase in intestinal length, in turn, can improve digestion by increasing the exposure of nutrients to brushborder hydrolytic enzymes as well as pancreatic and biliary secretions.
There is a lack of report linking the effects of amino acids and ME to the development of the gastrointestinal tract of poultry during the prestarter period. In the current trial, small intestine Within a column, means with different superscripts differ significantly (P < 0.05).
lengths, villus width, and VSA increased in broilers fed high or plenty inclusion of DAA diets on day 10. A previous study showed that villus height increased as dietary threonine increased from 0.8% to 0.87% during the first 2 weeks posthatch. However, the threonine supplementation to 0.87% showed no significant effects on crypt depth and VSA (Moghaddam et al., 2011) . Laudadio et al. (2012) evaluated the morphometric indices of duodenum, jejunum, and ileum of broilers at 49 days of age and the effect of protein level (from 18.5% to 22.5%) in diet from 14 days of age until slaughter age (49 days) and determined that the VSA of all intestinal segments did not change among groups. Instead, reducing the dietary protein level to 20.5% resulted in a higher villus height and V/C ratio in the duodenum and ileum. The first 2 weeks posthatch represent a period of rapid intestinal development in the broiler chickens (Geyra et al., 2001a) . During this period, dramatic morphological changes occur, including increases in the number and proliferation rate of enterocytes, widening and lengthening of the villi, and deepening of crypts (Sklan and Noy, 2000; Moran, 2007) . Amino acids maintain intestinal viability and mass, in addition to providing energy for normal intestinal function. As gastrointestinal tissues have relatively high protein turnover rate, high amino acid and protein diets provide nutrients for basal metabolism and cause a developed small intestine. In fact, wider villi in the birds that consumed the high and plenty DAA and protein diets as compared with birds fed the normal DAA and protein diets may increase total luminal villus absorptive area. Subsequently, a satisfactory digestive enzyme action and higher transport of nutrients at the villus surface is reached. The shallower crypt depth in chicks fed plenty DAA prestarter diets at 10 days of age may indicate that more mature enterocytes inhabited the villi of these birds, with less cell recruitment and hence less energy expenditure needed to maintain the absorptive function. More mature enterocytes surrounding the villi may imply that there is a greater enterocyte functionality and, hence, a greater absorptive surface. On the other hand, shorter crypt depths are indicative of a longer time needed for cell regeneration (Xu et al., 2003; Gao et al., 2008; Markovicva et al., 2009 ). This result, combined with less energy needed to maintain cells on the villi potentially, allows for more nutrients to be allocated to different regions of the body to support growth.
Conclusions
Data obtained in the current study demonstrated that increasing the dietary DAA and protein concentration in the prestarter diet by up to 114% of Cobb recommendations significantly improved final BW with a little change in feed intake. Also, increasing DAA density of prestarter diet increased the intestinal length, pancreas weight, villus width, VSA, and pancreatic protease while decreasing crypt depth in the prestarter period. Therefore, plenty DAA and protein levels in the prestarter period can be financially attractive due to the relatively low contribution of the prestarter diet to the total feed costs of a broiler up to market age. Moreover, decreasing the dietary ME level of prestarter by 100 kcal/kg did not negatively affect the BWG and FCR of the birds.
